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Summary
The current working assumption is that Node B uses three PSC sequences.   Since cell search consumes a significant amount of power in a handset, it is very important to design PSC sequences enabling very low complexity implementation and low power consumption without scarifying cell search performance. 

Thus, the desired properties of PSC sequences are:

1. They enable low complexity implementation and low power consumption  

a. For both initial acquisition and neighbouring cell search (dominating factor)
2. They reduce the “SFN” effects

a. Different sequences may have different amount of reduction  on SFN effects
3. They can provide good phase references for SSC 
· Ideally, the channel estimates from those sequences should be close to the ones obtained when CAZAC sequences are used 
The overall cell search performance should be the metric used for choosing different sequences.  In this contribution, we propose three different PSC sequences
· Those sequences are based on Hierarchical Golay complementary sequences

· They enable efficient correlation at the receiver similar to the one used in WCDMA

· The efficient correlator  used for WCDMA can be reused for LTE by using a different set of delay registers
· Total number of correlations needed for correlating 3 PSC sequences is 30 complex adds for length 64 sequence
· The performance of using those non-flat spectrum sequences is very close to the one obtained when CAZAC sequences are used for PSC
2
PSC Sequence used in WCDMA

Recall that in WCDMA, PSC sequence is defined as follows [1]:

The primary synchronisation code (PSC), Cpsc is constructed as a so-called generalised hierarchical Golay sequence. The PSC is furthermore chosen to have good aperiodic auto correlation properties.

Define:

-
a = <x1, x2, x3, …, x16> = <1, 1, 1, 1, 1, 1, -1, -1, 1, -1, 1, -1, 1, -1, -1, 1>

The PSC is generated by repeating the sequence a modulated by a Golay complementary sequence, and creating a complex-valued sequence with identical real and imaginary components. The PSC Cpsc is defined as:

-
WCDMApsc = (1 + j) ( <a, a, a, -a, -a, a, -a, -a, a, a, a, -a, a, -a, a, a>;

where the leftmost chip in the sequence corresponds to the chip transmitted first in time.
The PSC sequence for WCDMA was based on [3]. 
2
Proposed three PSC sequences for E-UTRAN

Def. a = < 1, 1, 1, -1 >
A length 64 sequence S is generated by the sequence a modulated by the same Golay complementary sequence used for WCDMA.  The sequence S is defined as 

 S =(1+j) ( < a, a, a, -a, -a, a, -a, -a, a, a, a, -a, a, -a, a, a >.

Note that the length of S is N=64. 

Then, the proposed three PSC sequences are:

1. PSC1(n) = 
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3. PSC3(n)  =
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 3
Correlation properties of the proposed three PSC sequences

Define aperiodic correlation as follows:
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Where 
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The ACF defined above indicates the self interference suppression capability of S(n) in the absence of noise. Similarly, we can define CCF as the aperiodic cross-correlation between different sequences.  

We plot the aperiodic auto-correlation and cross-correlation between different PSCs in the following figures.  
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Figure 1: ACF of PSC1 (PSC2 has the same ACF as PSC1)
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Figure 2:   ACF of PSC3
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Figure 3: Cross correlation between multiple PSCs: PSC1 and PSC2
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Figure 4: Cross correlation between multiple PSCs: PSC1 and PSC3
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Figure 5: Cross correlation between multiple PSCs: PSC2 and PSC3

4
Efficient implementation for Sequence S and WCDMA sequence

The correlator for the sequence S can be efficiently integrated with the one used for W-CDMA as shown in  Figure 6,
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 Figure 6: Efficient implementation of correlator for both LTE and WCDMA
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where the register definition for S is
[image: image20.wmf]].
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5
Efficient implementation for correlating the proposed three sequences
In Figure 7, we show three correlators for the proposed PSC sequences. 

The first correlator directly correlates with the signal samples in the buffer.

The second correlator correlates with the time-reversed signal samples in the buffer. 

The third correlator correlates with the signal samples multiplied by the sequence [1, -1, 1, -1…].

Note that only the magnitudes of the correlation outputs are used for determining the timing. 
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Figure 7:   Efficient implementation of three correlators for LTE
6
Complexity comparison  

An example of using minimum number of real adds for 3 PSCs in RAN1 is 132 [2].  In Table 1, we compare the implementation complexity of using the proposed three PSC sequences vs. the one in [2]. 

Table 1: Complexity comparison

	Scheme
	Number of Real  Adds
	Percentage savings over [2]

	Proposed Scheme
	60
	55%

	  [2]
	132
	N/A


7
Simulation results

In Table 2, we list all simulation parameters. In Table 3 , we list all parameters related to the multi-cell setting. 
Note that all the results presented in this document are generated with a multi-cell link level simulator.  
	 Parameter
	Value

	SCH structure
	Hierarchical SCH



	Multiplexing of PSC and SSC
	TDM

	Number of SCH symbols in a radio frame
	PSC:  2   SSC: 2

	System Bandwidth
	5 MHz

	PSC/SSC bandwidth
	1.25 MHz

	PSC/SSC transmit power
	Transmit power proportional to PSC/SSC bandwidth

	Reference signal power boost
	3

	Number of PSC/SSC used for timing detection
	1

	Number of OFDM symbols for frequency hopping detection per 5ms 
	4

	Number of tones per OFDM symbol for frequency hopping on/off detection
	12

	PSC sequence
	 Modulated Frank Sequence with length 64 and 3 different bases
	Proposed 3 PSC sequences

	SSC sequence
	Chu sequence with length 67 and with   different bases and different cyclic shifts for each base

 

	Number of Rx Antenna
	2

	Number of Tx Antenna
	1

	Symbol timing detector
	Replica-based

	Frequency offset estimator
	Differential based

	CP length Detection
	ML detector (two different CP hypotheses resolved at the end of Step 3)

	Total Number of Hypotheses
	510 Cell ID plus antenna information and/or  hopping on/off  information
 

	SSC Detection
	Coherent
    

	Hopping on/Off Detection using DL-RL
	Coherent


Table 2

Simulation Assumptions  
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-Bs, 3-cell sites  

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Node-B transmission power 
	43 dBm

	Antenna configuration
	1X2 SIMO

	Node B antenna gain
	14 dB

	UE antenna Gain
	0 dB

	UE noise figure
	9 dB

	Channel mode
	TU

	Frequency offset
	Uniformly distributed within [-10  10] KHz


Table 3

Multi-cell link level simulation Assumptions
The deployment scenarios are listed in Table 4.
	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R[km])

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R[km])


Table 4

Deployment Scenarios
We show the average cell search time over
· all geometries

· geometries between [-3 3] dB 
· geometries lower than -3 dB.
The hypothesis partition we simulated is 3*340*2:

· 3 hypotheses carried by 3 different PSC sequences

· 340 hypotheses carried by SSC

· Hopping on/off detection using DL-RS
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Figure 8:  CDF of cell search time for   all geometries for D1 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS): use 1 PSC for timing detection
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Figure 9:  CDF of cell search time for geometries between -3 dB and 3 dB for D1 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS)
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Figure 10:  CDF of cell search time for geometries lower than -3 dB for D1 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS) 
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Figure 11:  CDF of cell search time for all geometries for D3 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS): use 1 PSC for timing detection
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Figure 12:  CDF of cell search time for geometries between -3 dB and 3 dB for D3 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS)
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Figure 13:  CDF of cell search time for geometries lower than -3 dB for D3 (3*340*2, 1 bit additional information bit in SSC and blind hopping detection using DL-RS) 

8
Observations and Discussions
From the results presented, we observe that
· The performance of the proposed PSC sequences is very close to the one obtained by using CAZAZ sequences as PSC
· But the implementation complexity of the proposed scheme is significantly lower 
· The proposed sequences enable reusing the efficient correlator designed for WCDMA
Based on the performance characterization and the complexity analysis shown in this document, we recommend taking the described PSC sequences as the working assumption for E-UTRA specification. 
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